Iowa is among the top national producers of poultry, with accompanying public concerns about the proper disposal of poultry wastes and associated nonpoint source pollution. This project investigated the effects of poultry manure application on surface and groundwater quality. 
Background
The poultry industry has expanded rapidly across the country and in 2001 Iowa was ranked first nationally in layer production. This rapid and concentrated increase in poul try rearing has brought with it added public worries about environmental impacts and po tential for pollution.
More than six billion broilers are raised each year in the United States, and they produce more than nine million tons of manure. Very often, local agricultural lands located near poultry facilities become disposal sites for very large quantities of litter. From the stand point of nonpoint source pollution, the water quality parameters of greatest concern are nitrate-nitrogen (NO 3 -N), phosphate-phosphorus (PO 4 -P), and pathogenic bacteria. Each of these parameters, present in poultry manure, has the ability to pollute surface and ground water.
In 1998, the Leopold Center for Sustainable Agriculture and the Iowa Egg Council jointly funded this effort to investigate the impacts of poultry manure application on surface and groundwater quality. The project objectives were to evaluate the effects of poultry manure application on corn-soybean production sys tems, on water quality, and on crop yields
Approach and methods
Field experiments were conducted using six field lysimeters and nine plots located at the Agronomy and Agricultural Engineering Re search Center near Ames. Lysimeters and field plots were fully instrumented, each with a single subsurface drain and sump to collect subsurface drain water samples for water qual ity analyses. Two field plots were outfitted with H-flumes to collect surface water samples for water quality analyses.
Poultry manure was applied to plots and lysim eters to give N application rates of 168 and 336 kg-N/ha to corn under corn-soybean rotation. For comparison purposes, UAN fertilizer was applied to two plots at an N application rate of168 kg-N/ha. In December 1999, one more sump was installed to intercept a tile line from the ninth plot, which had not received any manure for the past five years. This plot was sampled for subsurface drain water quality in 2000. Data on NO 3 -N, PO 4 -P, and bacteria concentrations were collected for water samples from drains and H-flumes in 1998, 1999, and 2000 to observe the effects of poul try manure application on water quality.
Results and discussion
Use of poultry manure in field plots resulted in significantly higher corn yields in comparison with UAN applications. The N application rate of 336 kg-N/ha from poultry manure gener ated the highest NO 3 -N, PO 4 -P, and bacteria concentrations in surface and subsurface drain water in comparison with the N application rates of 168 kg-N/ha either from poultry ma nure or poultry manure. This suggests that excessive use of poultry manure may increase pollution potential of water bodies. Poultry manure applied at the lower N application rate of168 kg-N/ha resulted in the lowest NO 3 -N, PO 4 -P, and bacterial concentrations in subsur face drain water and the highest average corn yields from field plots.
Conclusions
1) The N application rate of168 kg-N/ha from poultry manure resulted in significantly lower NO -N loss with subsurface drain water in comparison with NO 3 -N losses from the other two N treatments. The N application rate of 336 kg-N/ha from poultry manure resulted in the highest NO 3 -N and PO -P concentrations 4 in subsurface drain water when compared with the other application rates.
2) The N application rate of 336 kg-N/ha from poultry manure results in a higher concentra tion of PO 4 -P in surface runoff in comparison with the lower N application rate of 168 kg-N/ ha from poultry manure.
3) The N application rate of 336 kg-N/ha from poultry manure (twice the recommended N application rate) resulted in higher concentra tions of fecal streptococcus, Escherichia coli, and fecal coliform bacteria in surface runoff and subsurface drain water in comparison with lower application rates of manure or commer cial fertilizer. 4) Application of poultry manure to lysimeter plots resulted in higher concentrations of bac teria in subsurface drainage water in compari son with the similar treatments in field plots. 5) Surface runoff water from field plots treated with poultry manure resulted in significantly higher concentrations of fecal streptococcus and E. coli in comparison with the similar bacteria concentrations in subsurface drainage water from plots under similar treatments.
6) The use of poultry manure in field plots resulted in significantly higher corn and soy bean yields when compared with commercial N fertilizer treatment. Application of poultry manure did not result in any significant effect on the quality of corn and soybean grains in terms of protein, oil, and starch contents. 7) Poultry manure applications at a lower N application rate of 168 kg-N/ha resulted in the lowest NO 3 -N, PO 4 -P, and bacteria concentra tions in subsurface drain water and one of the highest corn and soybean yields.
Impact of results
Findings from this study show that if poultry manure is applied at reasonable rates, higher crop yields and better water quality can be achieved. The study also showed that exces sive use of poultry manure may increase the pollution potential of water resources from NO 3 -N, PO 4 -P, E. coli, fecal coliform, and fecal streptococcus bacteria that are present in poultry manure.
The results reported here are from a three-year period of study. The Leopold Center was able to support the work for a fourth year, not included in this report. The primary limitation of confining the work to a shorter period of time was that growing one crop per plot rather than two crops would have made it simpler for researchers to determine the actual source of the nutrients that appeared in the surface and subsurface drain water. In the two-crop system used, it was difficult to know if the nitrogen fixed by soybeans also was contributing to the N loss with subsurface drain water. Results of the project were presented to the Iowa Egg Council and the American Society of Agricultural Engineers, as well as at a number of regional agricultural engineering meetings.
